VAPOR-LIQUID CONTACT TRAYS FOR MASS TRANSFER COLUMN 
AND METHOD EMPLOYING SAME 



CROSS-REFERENCE TO RELATED APPLICATION 



[0001] 



This application claims the benefit of provisional application Serial No. 



60/464,470, filed April 22, 2003. 



BACKGROUND OF THE INVENTION 



[0002] 



This invention relates generally to mass transfer columns and, more particularly, 



to an apparatus and method for supporting trays within such columns. 



[0003] 



Mass transfer columns, including heat exchange columns, typically include an 



upright shell and a plurality of horizontally disposed trays that are positioned within the shell and 
are used to facilitate mass or heat transfer between fluid streams flowing within the column. The 
fluid streams are normally one or more downwardly flowing liquid streams and one or more 
ascending vapor streams, although other combinations of fluid streams are possible. Each tray 
includes a plurality of vapor passages that allow the vapor stream to ascend through the tray for 
interaction with the liquid stream flowing across an upper surface of the tray. A plurality of such 
trays are normally supported in vertically spaced relationship by support rings that are welded to 
the inner surface of the shell and underlie the outer peripheral edge portion of the trays. 
[0004] In the type of vapor-liquid contact trays disclosed in U.S. Patent No. 3,045,989 to 

Kittel, a center downcomer and an outer annular downcomer are provided on alternate trays. As 
a result of this downcomer arrangement, liquid flows radially or along a spiral flow path from the 
center to the perimeter of alternating trays known as centrifugal contact trays and then from the 
perimeter to the center of the remaining trays known as return contact trays. Conventionally, a 
center support pipe that extends longitudinally along the center upright axis of the column carries 
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support rings that are used to provide center support for the centrifugal trays. The use of this 
center support pipe, however, reduces tray capacity because it occupies a portion of the center 
downcomer on the return trays as well as a portion of the tray deck on the centrifugal trays. 
Installation of the center support pipe can also be problematic because it is often too long to be 
inserted in one piece through the entry manholes. As a result, the center support pipe must be 
divided into a number of shorter length segments that can be carried into the column and 
reassembled by welding the segments together end to end. Further installation delays result from 
the need to position support beams within the column to support the lower end of the center 
support pipe and from the need to position and weld tray support rings on the center pipe. The 
center downcomer must also be assembled around the center support pipe, causing further delays 
during installation of the trays. 
[0005] A need has thus developed for a way to support centrifugal and return contact 

trays of the type described above without using a center support pipe. 

SUMMARY OF THE INVENTION 
[0006] In one aspect, the invention is directed to a mass transfer column having an 

external shell defining an open internal region. Return contact trays and centrifugal contact 
trays are positioned in an alternating and vertically spaced apart relationship within the open 
internal region. The return contact tray has a tray deck with at least one opening for removing 
liquid from an upper surface of the tray deck and a plurality of vapor passages for allowing vapor 
to flow upwardly through the tray deck to interact with liquid on the upper surface of the return 
tray deck. The centrifugal tray deck has a tray deck with an upper surface, a periphery and a 
plurality of vapor passages for allowing vapor to flow upwardly through the tray deck to interact 
with liquid on the upper surface of the centrifugal tray deck. At least one center downcomer 
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extends downwardly at the opening in the return tray deck and has a lower discharge outlet. At 
least one annular downcomer extends downwardly at the periphery of the centrifugal tray deck 
and has a lower discharge outlet spaced above the return tray deck for feeding liquid onto the 
return tray deck. A pedestal comprising a plurality of baffles extends upwardly from the return 
contact tray and supports the overlying centrifugal tray. The baffles are supported at their lower 
ends by the center downcomer and are preferably radially oriented. A center support plate is 
preferably positioned between a top edge of the baffles and an undersurface of the tray deck of 
the overlying centrifugal contact tray to provide a larger support surface for the centrifugal 
contact tray. Some of the load of the centrifugal contact tray is transferred by the baffles to the 
center downcomer on the underlying return contact tray. Horizontal support beams secured to 
the center downcomer then transfer the load to a support ring secured to the column shell. 
[0007] In another aspect, the invention is directed to a method of intermixing vapor and 

liquid streams in a mass transfer column using the vapor-liquid contact trays described above. 
The invention is also directed to vapor-liquid contact tray units. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0008] In the accompanying drawings which form part of the specification and are to be 

read in conjunction therewith and in which like reference numerals are used to indicate like parts 
in the various views: 

[0009] FIG. 1 is fragmentary side elevation view of a mass transfer column taken in 

vertical section to show a centrifugal contact tray and an underlying return contact tray with 
portions of the centrifugal contact tray broken away to illustrate how the centrifugal contact tray 
is supported on the return contact tray in accordance with the present invention; 
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[0010] FIG. 2 is a top plan view of the centrifugal tray taken in horizontal section along 

line 2-2 of FIG. 1 in the direction of the arrows, a portion of the centrifugal tray deck being 

removed to better illustrate the underlying return tray ; 
[0011] FIG. 3 is a top plan view of the return tray taken in horizontal section along line 

3-3 of FIG. 1 in the direction of the arrows, a portion of the return tray deck being removed to 

show the positioning of a pair of support beams; 
[0012] FIG. 4 is a side elevation view of a pedestal portion of the return tray that 

supports the overlying centrifugal tray; 
[0013] FIG. 5 is a fragmentary side elevation view of the column similar to the view 

shown in FIG. 1 but showing a different arrangement for supporting the centrifugal tray about its 

out periphery; 

[0014] FIG. 6 is an enlarged fragmentary side elevation view of the centrifugal tray 

showing a bolting clip that attaches the centrifugal tray to an expansion band supported by an 
underlying support ring; 

[0015] FIGS. 7A-C are side elevation, top plan and end elevation views showing a 

support used to support the expansion band on the underlying support ring; 

DETAILED DESCRIPTION OF THE INVENTION 
[0016] Turning now to the drawings in greater detail and initially to FIG. 1, a column 

used in mass transfer and heat exchange processes is represented generally by the numeral 20. 
Column 20 includes an upright, external shell 22 that is generally cylindrical in configuration, 
although other configurations such as polygonal can be used and are within the scope of the 
invention. Shell 22 is of a height and diameter necessary for the processes occurring within the 
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column 20. The shell 22 is formed of a metal or other suitably rigid materials that are inert to, or 
otherwise compatible with, the fluids and conditions present within the column 20. 

[0017] Column 20 is used for processing fluid streams, typically liquid and vapor 

streams, to obtain fractionation products and/or otherwise to cause mass transfer or heat 
exchange between the fluid streams. An open internal region 24 is defined by the shell 22 and 
contains various mass transfer devices used to facilitate the desired mass transfer and/or heat 
exchange. Normally, the fluid streams comprise one or more descending liquid streams and one 
or more ascending vapor streams. Alternatively, the fluid streams may both be liquid streams or 
a gas stream and a liquid stream. 

[0018] The fluid streams are directed to the column 20 through any suitable number of 

feed lines positioned at preselected locations along the height of the column 20. One or more 
vapor or gas steams can also be generated within the column 20 rather than being introduced into 
the column through a feed line. The column 20 typically includes an overhead line for removing 
a vapor product or byproduct and a bottom stream takeoff line for removing a liquid product or 
byproduct from the column 20. The various feed lines and removal lines, as well as other 
column components that are typically present, such as reflux stream lines, reboilers, condensers, 
vapor horns and the like, are not shown in the drawings because they are conventional in nature 
and their illustration is not believed to be necessary for an understanding of the present 
invention. 

[0019] A plurality of horizontally extending centrifugal contact trays 26 and return 

contact trays 28 are positioned within the open internal region 24 in vertically spaced apart and 
alternating relationship. With reference to FIGS. 2 and 3, each tray 26 and 28 comprises a 
horizontally extending tray deck 30 and 31, respectively, preferably constructed from a plurality 
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of individual panels that are joined together in a known fashion. The tray decks 30 for the 
centrifugal contact trays 26 are generally circular but can be polygonal or other configurations. 
The tray decks 31 for the return contact trays 28 preferably have a shape complementary to the 
configuration of the column shell 22. Each tray deck 30 and 31 contains a plurality of vapor 
passages 34 that allow vapor to pass upwardly through the tray decks 30 and 31 for interaction 
with liquid flowing across the upper surface of the tray decks 30 and 31. The vapor passages 34 
may be simple sieve holes but can be other constructions such as fixed or movable valves. 
Preferably, the vapor passages 34 are constructed to push liquid across the tray deck 30 in a 
preselected direction. In the case of the centrifugal contact trays 26, the vapor preferably exits 
the vapor passages 34 with a tangential flow component to cause the liquid to swirl outwardly 
from the center to the perimeter of the tray deck 30. In the return contact trays 28, the vapor 
preferably pushes the liquid radially inwardly from the perimeter to the center of the tray deck 
31. 

[0020] Turning to FIG. 1, each centrifugal contact tray 26 has a center liquid inlet area 36 

and an outer annular downcomer 38 that is formed along an outer perimeter of the tray deck 30. 
The return contact trays 28 each have an outer, usually ring-shaped liquid inlet area 40 that 
underlies the annular downcomer 38 from the overlying centrifugal contact tray 26 and a center 
downcomer 42 that overlies the inlet area 36 of the underlying centrifugal contact tray 26. As a 
result of this construction, liquid flows outwardly from the center inlet area 36 of the uppermost 
centrifugal contact tray 26, crosses the tray deck 30 along a radial or spiral flow path, and enters 
the annular downcomer 38. The liquid then travels downwardly through the annular downcomer 
38, is discharged onto the ring-shaped inlet area 40 of the underlying return contact tray 28, and 
flows radially inwardly along the tray deck 31 to the center downcomer 42. Liquid entering the 
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center downcomer 42 travels downwardly and is discharged onto the center inlet area 36 of the 
underlying centrifugal contact tray 26. Although only one pair of trays 26 and 28 is illustrated in 
the drawings, it is to be understood that column 20 will normally include numerous such trays 
and the liquid flow path described above will be repeated for the successive underlying trays. 

[0021] The inlet areas 36 and 40 on the contact trays 26 and 28 are preferably 

imperforate to prevent liquid from weeping through the inlet areas 36 and 40 as a result of the 
downward momentum of the liquid. Other means for preventing or impeding liquid weeping can 
be utilized in place of or in combination with the imperforate inlet areas 36 and 40. As one 
example, one or both of the inlet areas 36 and 40 can be raised above the plane of the tray deck 
30 to allow vapor to flow upwardly through the area of the tray deck 30 underlying the raised 
inlet areas 36 and 40. Alternatively, one or both of the inlet areas 36 and 40 may be lowered 
below the plane of the tray deck 30 to form a sump. 

[0022] Turning additionally to FIGS. 5 and 6, the annular downcomers 38 each have a 

vertically extending inlet wall 44 that extends downwardly from the outer perimeter of the tray 
deck 30. The inlet wall 44 is a single circular wall but may also have a polygonal or multi- 
segmented shape formed from a plurality of planar or curved sections. The inlet wall 44 is 
spaced inwardly a preselected distance from the column shell 22 to form a downcomer inlet 45 in 
the spacing between the inlet wall 44 and the column shell 22. A lower skirt 46 extends 
downwardly from a lower edge of the inlet wall 44 and is angled toward the column shell 22. A 
lower edge of the skirt 46 is spaced a preselected vertical distance above the plane of the 
underlying tray deck 30 to define a downcomer outlet 48. The skirt 46 is a single planar ring, but 
can also have a polygonal or multi-segmented shape. 
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As can best be seen in FIGS. 1 and 3, the center downcomer 42 on each return 
contact tray 28 has an inlet wall 50 that forms an inlet 52 in the plane of the tray deck 30 and 
extends vertically downward to an inclined wall 53 that slopes inwardly toward a center axis of 
the column 20. The inclined wall 53 preferably has an inverted frusta-conical shape formed by 
multiple flat panels joined together. A discharge outlet 54 for the center downcomer 42 is 
formed by the preselected vertical spacing between a lower edge of the inclined wall 53 and the 
underlying tray deck 30. Alternatively, a vertical skirt of cylindrical or other construction may 
extend downwardly from a lower edge of the inclined wall 53 to form the outlet 54 and/or the 
inlet wall 50 may be omitted with the inclined wall 53 forming the inlet 52 of the center 
downcomer 42. Other constructions for the annular and center downcomers 38 and 42 are 
possible and are within the scope of the present invention. 

Rather than using a vertically extending center support pipe to support the 
centrifugal contact trays 26 in the conventional manner, the present invention supports each 
centrifugal contact tray 26 on the immediately underlying return contact tray 28. A support 
pedestal 56 shown in FIGS. 1, 3 and 4 extends upwardly from the return contact tray 28 to 
provide this support. The support pedestal 56 includes a center support plate 58 that underlies 
and supports the tray deck 30 of the overlying centrifugal contact tray 26. The center support 
plate 58 has a circular configuration, but can be other shapes if desired. The support pedestal 56 
also includes a plurality of upright, generally planar anti-jump baffles 60 that span the center 
downcomer 42 on the return contact tray 28. The anti-jump baffles 60 are secured at their lower 
ends to the inlet wall 50 of the center downcomer 42 using nut and bolt assemblies, although 
other attachment locations and methods are possible. Four anti-jump baffles 60 that extend 
radially outward from the center vertical axis of the center downcomer 42 at 90° spacings are 
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illustrated in the drawings, but it is to be understood that more or fewer baffles 60 can be used. 
In addition to their support function, the anti-jump baffles 60 interrupt the horizontal momentum 
of liquid flowing inwardly along the tray deck 31 of the return contact tray 28 to prevent the 
liquid from "jumping" across the inlet 52 of the center downcomer 42. The base of each baffle 
60 preferably has a greater horizontal dimension that the upper end thereof. 

As best seen in FIGS. 1 and 3, the load transferred to the return contact tray 28 by 
the support pedestal 56 is carried in part by a pair of horizontal support beams 62 that extend in 
parallel relationship on opposite sides of the center downcomer 42 just below the tray deck 30. 
The support beams 62 are attached to the inlet wall 50 of the center downcomer 42 and are 
secured at their ends to support clips 64 carried (FIG. 3) by a support ring 66 extending around 
all or part of the inner circumference of the column shell 22. The support beams 62 can 
alternatively be formed as an integral part of the tray deck 30, thus eliminating the need for a 
separate beam and the support clips 64. The support ring 66 also underlies and supports the 
outer perimeter of the tray deck 31 of the return contact tray 28. The support ring 66 thus 
supports substantially the entire load of the return contact tray 28 and a substantial part of the 
load of the overlying centrifugal contact tray 26. The support ring 66 can be welded to the 
column shell 22 or it can be of type known as an expansion ring that is supported by an adjacent 
support ring 68 welded to the column shell 22 as shown in FIG. 1. An example of a support 69 
that interconnects the expansion ring 66 with the adjacent, in this case underlying, support ring 
68 is illustrated in FIGS. 7A-C. Expansion rings are commonly used during column revamps 
when the vertical spacing between the trays 26 and 28 is varied from that initially used in the 
column. 
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[0026] Turning additionally to FIGS. 2, 5 and 6, each centrifugal contact tray 26 is also 

supported by another support ring 70 that carries a plurality of circumferentially spaced bolting 
clips 71 that extend radially inwardly from the support ring 70 and are secured to the inlet wall 
44 of the annular downcomers 38. The bolting clips 71 have a 90° flange at their inner end to 
facilitate bolting of the clips 71 to the inlet wall 44. The vertical dimension of the bolting clips 
71 is preferably less than the vertical dimension of the inlet wall 44 so that the bolting clips 71 
do not unnecessarily impede the swirling motion and mixing of liquid in the annular downcomer 
38. The number and spacing of the bolting clips 71 can be varied depending upon the load 
conditions. The support ring 70 can be welded to the column shell 22 or it can be in the form of 
an expansion ring. Preferably, the support ring 70 is in the form of an expansion band that does 
not have a radially extending flange that would otherwise interfere with liquid flow into the 
annular downcomer 38. The expansion band is supported by circumferentially spaced supports 
69 that interconnect the expansion band with the adjacent welded support ring 72. 

[0027] It can thus be seen that the centrifugal contact trays 26 are supported about their 

outer perimeter by the bolting clips 71 and support ring 70. The support pedestal 56 that 
transfers the load to the underlying return contact tray 28 provides center support for each 
centrifugal contact tray 26. The return contact tray 28, in turn, is supported along intermediate 
portions of the tray deck 30 by the support beams 62 and about its perimeter by the support ring 
68. By supporting the trays 26 and 28 in this manner, the need for and problems attendant to use 
of a convention center support pipe are eliminated. 

[0028] From the foregoing, it will be seen that this invention is one well adapted to attain 

all the ends and objectives hereinabove set forth together with other advantages which are 
inherent to the structure. 
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[0029] It will be understood that certain features and subcombinations are of utility and 

may be employed without reference to other features and subcombinations. This is contemplated 
by and within the scope of the invention. 

[0030] Since many possible embodiments may be made of the invention without 

departing from the scope thereof, it is to be understood that all matter herein set forth or shown 
in the accompanying drawings is to be interpreted as illustrative and not in a limiting sense. 
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